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(54) Lithium polymer battery 



(57) A lithium (Li) polymer battery is provided. The negative plate (22) including a negative collector (22a) 
Li polymer battery includes: a positive plate (21 ) inctud- in a foil form, and a negative active material layer (22b) 

ing a positive collector (21a) having a plurality of open- formed on at least one surface of the negative collector : 

ings and a positive active material layer (21b) formed (22a); and a separator (23) between the positive (21) I 

on at least one surface of the positive collector (21a); a and negative (22) plates, for insulating the positive (21 ) j 

and negative (22) plates. [ 
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Description 

Field of the Invention 

[0001] The present invention relates to a lithium (Li) 5 
polymer battery, and more particularly, to a Li polymer 
battery having an enhanced negative plate structure. 

Background to the Invention 

w 

[0002] Rechargeable secondary batteries are widely 
used in portable wireless electric apparatus such as 
camcorders, cellular phones and lap-top computers. 
There are various types of secondary batteries including 
a nickel-cadmium (Ni-Cd) battery, a lead acid battery, a is 
nickel metal hydride (IMi-MH) battery, a lithium (Li) ion 
battery, a Li polymer batter, a metal Li secondary battery 
and the like. 

[0003] In particular, the metal Li secondary battery 
has a driving voltage of 3.6 V, a life span longer than 20 
that of the Ni-Cd battery or the Ni-MH battery, and high 
energy density to weight ratio, so its use is gradually 
expanding. 

[0004] The Li secondary battery is classified into a Li- 
ion battery using a liquid electrolyte and a Li polymer 25 
battery using a polymer solid electrolyte, according to 
the type of electrolyte. The Li polymer battery can be 
embodied into various shapes as opposed to the Li-ion 
battery, and has merits of high stability and light weight. 
[0005] Figure 1 shows the structure of a Bellcore Li 30 
polymer battery, a type of a Li polymer battery. Referring 
to Figure 1 , a positive plate 11 and a negative plate 12 
are stacked with a separator 13 interposed therebe- 
tween, each having a multilayered structure. The posi- 
tive plate 11 consists of a positive collector 1 la having 35 
a plurality of openings hi, and positive sheets 11b at- 
tached to both surfaces of the positive collector 11a. Al- 
so, the negative plate 12 consists of a negative collector 
12a having a plurality of openings h2 and negative 
sheets 1 2b attached to both surfaces of the negative col- *o 
lector 12a. The positive and negative collectors 11a and 
1 2a are formed of expanded metal. 
[0006] A manufacturing process of the Bellcore Li pol- 
ymer battery having the above structure will be de- 
scribed. 45 
[0007] First, acetone as a solvent, a positive or neg- 
ative active material, a binder, a conductive material and 
a plasticizer are mixed to prepare a slurry. Then the slur- 
ry is deposited on a polyethylene (PET) base film by a 
Doctor-blade method to form a thin sheet, the PET base so 
film is removed to obtain an electrode sheet formed of 
the corresponding active material. Then, both surfaces 
of the electrode sheets are laminated to each collector 
at a high temperature by applying pressure, and then 
cut to a predetermined size. 55 
[0008] The resulting positive and negative plates 11 
and 12 are combined with the separator 13 interposed 
therebetween, and the stacked structure is laminated 



further at a high temperature by applying pressure, 
thereby resulting in a bi-cell structure. Then, the bi-cell 
structure is soaked in ether to extract the plasticizer. 
Then an electrode assembly is formed having a 9 layer 
bi-cell structure. Then, positive and negative terminals 
are welded onto the assembly, and electrolyte is infiltrat- 
ed into the empty space from which the plasticizer has 
been extracted. Finally, a casing is formed around the 
resulting product. 

[0009] In the conventional Li polymer battery complet- 
ed by the above method, the positive and negative col- 
lectors 11a and 12a require the openings hi and h2 
through which the plasticizer is extracted, so manufac- 
turing the positive and negative collectors 11a and 12a 
is complicated. Also, adhesive forces between the pos- 
itive collector 11a and the positive sheets 11b and be- 
tween the negative collector 12a and the negative 
sheets 12b become weak due to burr generated during 
the formation of the openings hi and h2. In addition, the 
thicknesses of the positive and negative plates 11 and 
12 are nonuniform. 

[001 0] Also, when attaching the electrode sheets 1 1 b 
and 12b to the positive and negative collectors 11a and 
12a, respectively, bubbles may form in the spaces be- 
tween the sheet and collector due to the openings hi 
and h2, thereby lowering conductivity of the positive and 
negative collectors 11a and 12a. 
[0011] Also, the expanded metal forming the positive 
and negative collectors 11a and 12a is supplied in a roll 
having a width of less than 300mm. The expanded metal 
has the property of being extendible in a longitudinal di- 
rection by force. Thus, it is difficult to manufacture the 
positive and negative collectors 11a and 12a through a 
continuous process by applying tensile stress. 
[001 2] In general, the material of the collectors deter- 
mine the cost of the battery. Thus, using the expanded 
metal as a material for the collectors increases the cost 
of the battery, compared to using punched metal. 
[0013] Also, as the expanded metal is mechanically 
processed, the metal itself is subject to stress. That is, 
when the expanded metal is cut in a predetermined size, 
fine powder of arsenic acid is separated from the collec- 
tor made of the expanded metal. Also, because the col- 
lector made of the expanded metal is in the form of a 
mesh, burr is generated due to expansion of strands in 
the mesh, thereby causing an electrical short circuit. 

Summary of the Invention 

[001 4] According to a first aspect of the present inven- 
tion, there is provided a lithium (Li) polymer battery com- 
prising: a positive plate including a positive collector 
having a plurality of openings and a positive active ma- 
terial layer formed on at least one surface of the positive 
collector; a negative plate including a negative collector 
in a foil form, and a negative active material layer formed 
on at least on surface of the negative collector; and a 
separator between the positive and negative plates, for 
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insulating the positive and negative plates. 
[0015] The present invention provides a lithium (Li) 
polymer battery in which a negative collector is formed 
in a foil form without openings, thereby improving the 
performance of plates and the productivity of the battery. 
[001 6] Peferably, the negative collector is formed of a 
copper (Cu) foil. 

Brief Description of the Drawings 

[0017] An example of the present invention will now 
be described in detail with reference to the accompany- 
ing drawings in which: 

Figure 1 is a partial sectional view of an electrode 
assembly of a conventional lithium (Li) polymer bat- 
tery; 

Figure 2 is an exploded perspective view of a Li pol- 
ymer battery according to the present invention: 
and, 

Figure 3 is a partial sectional view of an electrode 
assembly shown in Figure 2. 

Detailed Description 

[001 8] Referring to Figure 2. a lithium (Li) polymer bat- 
tery according to the present invention comprises an 
electrode assembly 20, a lower case 31 having a receiv- 
ing portion 32 for holding the electrode assembly 20, 
and an upper case 33 which covers the receiving portion 
32 to seal the electrode assembly 20. 
[0019] The electrode assembly 20 is formed by re- 
peatedly stacking a positive plate 21 and a negative 
plate 22 with a separator 23 interposed therebetween, 
and positive taps 26a and negative taps 24a are extend- 
ed from the positive plates 21 and the negative plates 
22, respectively. 

[0020] The positive taps 26a and the negative taps 
24a form a positive tap bundle 26 and a negative tap 
bundle 24 respectively, which are connected to a posi- 
tive terminal 25 and a negative terminal 27 respectively. 
The positive terminal 25 and the negative terminal 27 
are drawn out of the case when the electrode assembly 
20 is put in the receiving portion 32 of the lower case 31 
and the receiving portion 32 is then covered by the upper 
case 33. 

[0021] Referring to Figure 3, the positive plate 21 con- 
sists of a positive collector 21a having a plurality of 
openings H and a positive active material layer 21b 
formed on at least one surface of the positive collector 
2 la. Also, the negative plate 22 consists of a negative 
collector 22a in a foil form and a negative active material 
layer 22b formed on at least one surface of the negative 
collector 22a. The positive plate 21 is combined with the 
negative plate 22 with the separator 23 interposed ther- 
ebetween in order to insulate the plates 21 and 22, form- 
ing a cell. Then, such a cell is repeatedly stacked to form 
the electrode assembly 20. 



[0022] According to the present invention, preferably, 
the negative collector 22a is formed of a copper (Cu) foil 
without openings, and the positive collector 21a is 
formed of expanded metal or punched metal containing 

s aluminum (Al), and has a plurality of openings H. 

[0023] The positive plate 21 and the negative plate 22 
are obtained by depositing a positive active material 
slurry and a negative active material slurry on both sur- 
faces of positive collector 21a and negative collector 

to 22a respectively. The negative active material slurry is 
prepared by dissolving (10% total volume) polyvinyli- 
dene fluoride (PVDF) as a binder in N-methyl-2-pyrro- 
lidone (NMP) and adding (18% total volume) plasticizer, 
(2% total volume) carbon black as a conductive material 

15 and (70% total volume) carbon as a negative active ma- 
terial to the solution, and then stirring the mixture until 
it reaches a viscosity of 20,000—30,000 centipoise 
(cps). 

[0024] Also, the positive active material slurry is pre- 

20 pared by dissolving (10% total volume) PVDF as a bind- 
er in acetone, adding (15—1 8% total volume) plasticizer, 
(2 — 5 % total volume) carbon black as a conductive 
material and (70% total volume) LiCo0 2 as a positive 
active material to the solution, and then stirring the mix- 

25 ture until it reaches a viscosity of 20,000cps. 

[0025] Preferably, the prepared negative and positive 
active material slurries are directly coated on both sur- 
faces of the respective negative and positive collectors 
22a and 21a by the Doctor-blade method. 

30 [0026] According to another preferred embodiment, a 
positive active material slurry is prepared by dissolving 
(1 0% total volume) PVDF as a binder in acetone, adding 
(15— 18% total volume) plasticizer, (2— 5% total volume) 
carbon black as a conductive material and (70% total 

35 volume) LiCo0 2 as a positive active material to the so- 
lution, and then stirring the mixture until it reaches a vis- 
cosity of 20,000cps. 

[0027] Also, a negative active material slurry is pre- 
pared by dissolving (10% total volume) PVDF as a bind- 

40. er in acetone, adding (15—1 8% total volume) plasticizer, 
(2—5% total volume) carbon black as a conductive ma- 
terial and (70% total volume) carbon as a negative ac- 
tive material to the solution, and then stirring the mixture 
until it reaches a viscosity of 20.000cps. 

45 [0028] Then, the prepared positive and negative ac- 
tive material slurries are made into thin sheets, e.g., by 
the Doctor-blade method, and then the resulting sheets 
are attached to both surfaces of the respective positive 
and negative collectors 21a and 22a. 

50 [0029] The amount of the materials contained in the 
positive and negative active material slurries can be var- 
ied without limitation to the above embodiments. 
[0030] According to the present invention, the Cu foil 
without openings is adopted as the negative collector 

55 22a. so that electrical conductivity is improved, adhesive 
force during the laminating on the negative collector 22a 
with the active material layer 22b is strong, and the thick- 
ness of the negative plate is uniform. Also, generation 
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of burr or bubbles between the conventional negative 
collector and negative sheet, caused by the openings, 
can be prevented 

[0031] In addition, even though the negative collector 
22a has no openings, the plasticizer contained in the 
negative plate 22 and the separator 23 can be extracted 
through the openings H of the positive collector 21a in 
the direction indicated by the arrows in Figure 3. 
[0032] Such effect of the present invention can be un- 
derstood more fully through the following experiments. 

Experimental Example 1 

[0033] The amount of plasticizer extracted from the 
conventional battery adopting the negative collector 1 2a 
which is made of a Cu expanded metal and has open- 
ings was compared with that of the battery adopting a 
Cu foil as the negative collector 22a according to the 
present invention. Here, each electrode assembly had 
a 9-tayer bi-cell structure, and (15% total volume) the 
plasticizer was used for the preparation. 
[0034] As a result, the amount of plasticizer extracted 
from the conventional battery was approximately 
3.4801 g, and that from the battery according to the 
present invention was approximately 3.4526g, which 
were nearly the same. That is, it can be understood that 
the amount of plasticizer extracted from the battery is 
not decreased even though the Cu foil without openings 
is adopted as a negative collector. 

Experimental Example 2 

[0035] A positive sheet having a thickness of approx- 
imately 80um and a negative sheet having a thickness 
of approximately 1 20u,m were respectively attached to 
the positive collector 21 a formed of an Al expanded met- 
al, and the negative collector 22a formed of a Cu foil 
having a thickness of 20um to obtain a battery accord- 
ing to the present invention. Then, resistance of the bat- 
tery was measured and then compared with that of the 
conventional battery. 

[0036] As a result, the resistance of the battery ac- 
cording to the present invention was 50~60m£2 while 
that of the conventional battery was 80— 100mQ. That 
is, it can be understood that the electrical conductivity 
of the Li polymer battery according to the present inven- 
tion increases as the contact area between the elec- 
trode negative sheet and the negative collector increas- 
es. 

[0037] Also, the adhesive force of the negative plate 
was increased to 18gf/mm 2 or more compared to 1 0gf/ 
mm 2 of the conventional negative plate. As a result, the 
life span of the battery was increased by approximately 
7% or more with respect to the conventional battery, and 
the energy density of the battery increased by 5~10%. 
[0038] in addition, because a foil having a compara- 
tively large tensile strength is used as a negative collec- 
tor, manufacturing through continuous process is pos- 



sible. Also, the negative active material slurry can be 
coated directly onto the negative collector, so that man- 
ufacture of the plate is simplified. 



Claims 

1. A lithium (Li) polymer battery comprising: 

w a positive plate (21 ) including a positive collec- 

tor (21a) having a plurality of openings and a 
positive active material layer (21b) formed on 
at least one surface of the positive collector 
(21a); 

is a negative plate (22) including a negative col- 

lector (22a) in a foil form, and a negative active 
material layer (22b) formed on at least one sur- 
face of the negative collector (22a); and. 
a separator (23) between the positive (21 ) and 

20 negative (22) plates, for insulating the positive 

(21) and negative (22) plates. 

2. The lithium polymer battery of claim 1 , wherein the 
negative collector (22a) is formed of a copper (Cu) 

25 foil. 

3. The lithium polymer battery of claim 1 , wherein the 
positive collector (21a) is formed of expanded metal 
or punched metal. 

30 

4. The lithium polymer battery of claim 2, wherein the 
positive (21b) and negative (22b) active material 
layers are formed by coating positive and negative 
active material slurries, respectively, on at least one 

35 surface of the positive collector (21a) and at least 
one surface of the negative collector (22a). 
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FIG. 2 
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FIG. 3 
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(54) Lithium polymer battery 

(57) A lithium (Li) polymer battery is provided. The 
Li polymer battery includes: a positive plate (21) includ- 
ing a positive collector (21a) having a plurality of open- 
ings and a positive active material layer (21 b) formed 
on at least one surface of the positive collector (21a); a 



negative plate (22) including a negative collector (22a) 
in a foil form, and a negative active material layer (22b) 
formed on at least one surface of the negative collector 
(22a); and a separator (23) between the positive (21 ) 
and negative (22) plates, for insulating the positive (21 ) 
and negative (22) plates. 
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